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(57) Abstract: A material for forming a p-type ohmic contact electrode on a group II-VI 
compound semiconductor is disclosed which enables to form a nontoxic, stable electrode 
having a low resistance with high productivity. An excellent semiconductor device is also 
disclosed. The semiconductor electrode material is composed of a material represented by 
the composition formula: A X B Y C Z (wherein A represents at least one element selected from 
group IB metal elements, B represents at least one element selected from group VIII metal 
elements, and C represents at least one element selected from S and Se). In this connection, 
X, Y and Z satisfy the following relations: X+Y+Z=l, 0.20 ^ X ^ 0.35, 0.17 ^ Y ^ 
0.30, 0.45 ^ Z ^ 0.55. 
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214/215 (2000). pp. 1064-1070 / K. Kitamura et al. KlfBflft^ftTV^S «fc 5 
Z n T e / Z n S e MtitSrMtS, fcSl/MiZ nT e/Z n S e (DMQW ( 

#*^#f) flft£&?#j£u fwitAu^i sriam-rs, £ 

V^9^7iO(D^^^f75^^c:ffiV^btLTV^^^^^.^-efcOo r.*Ui % p-ZnTe 
;*>$10 l9 cnf 3 ^^<DIE7U!t^© K— RTS£-e#> 0 (Journal of Crystal Growth, 
vol. 138 (1994), pp. 677-685 / A. Ishibashi et al. , Applied Physics 
Letters, vol. 61 (1992) , pp. 3160-3162, / Y. Fan et al. ) , ^tdfgrfgfct 

So 

CI tl£>£>Sftf«: Journal of Crystal Growth, vol. 138 (1994) , pp. 677-685 / 
A. Ishibashi et al. , Applied Physics Letters, vol. 61 (1992) , pp. 3160- 
3162, / Y. Fan et al. iCfB#£*vri^5 £*3 9 , A»Z n S e *5 £tFZ n 

^ P>tC, p-ZnTe Srfljffl U^ffffitii^i* b&^^ft fcWCfift^^o Journal 
of Crystal Growth, vol. 214/215 (2000) , pp. 1064-1070 / K. Kitamura et al. 
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NSr#St- K— :7"LT^j£^5&ffift^fcM^£;ft,-Cl/>5 (#^¥0 7-0 2 9 9 
2 4^f) #k ^SWlI-YI^il^I^Z n S e WNfCioT^t^^^i 
PgmO 18 cm" 3 -Cfe^>w^^t?d^o-C43n (Journal of Crystal Growth, vol. 
138 (1994), pp. 677-685 / A. Ishibashi et al. ) „ %ftfc'&.Wfjit£^ ^9 ? V 

#Hfl2pO 7-2 2 1 3 4 8^S^«, pMlI-VlS^b^^J^3SC{*:0±H: = ^^ * 

10" 2 Qcmmmt ^*V\ rttttx ^3/^9^ hit (H$Bi£1flag) ^^f-T 
5#»ff<i:LT, -fel^WM-T ^v^A (CuInSe.) *fcf*flWb<fl>f ^5**.* 
(CuInS 2 ) (DV^i £ i^^^7t(i^(D^ H B e ^il^RbTV^6^^^fth,^b^^/\ 

^Bg5 9- 1 8 8 7 7^^M^^tbTV^ 0 ^tbttll-VlSeib^^fr^ittSE 

mx^tc^^hm^^iitc^mxh^o #<&b§5 9- 1 8 8 7 7<&$&-ete, 

ZnS,. x S e x m-^vmk^Wi:*^^'^ 74 (fgflMKS!) ^ 
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m^mW Cu,_ y A g y G a !_ z A 1 z S 2 tm** £ tbT 

ten - vi^b^^fr^Jffl-rsv^^s^-^n^tcHi-o^-efcSo * 

fflj /J^# K A^±(200l) N pp. 175-192l£f2*c£*bTV^ <£ =S 

t5f£r^£i\ l e v^±©/<y y ^SrfrtS Cu (In, Ga) (S, s 
e) 2 5M**WBV^ft"CV>5 ( riititi©Sf^iJ 

7>r— A*±(200lh pp. 175-192) o ^il^itli, ^MBfe*-^ h/V^^S^ 
t5Wfett"efc^ Cu (In, Ga) (S, Se) 2 ^#^#35^ fcffi&W 
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(1) «a^A x B Y C z (A : i BM&m7vmfrbmi-£tiz><!>te< t h im<D 

rc 0 fcfcU X N Y, Zfci X + Y+Z= 1 T'fc^ , 0.20^X^0.35, 0.17^Y 
^0. 30, 0. 45^Z^0. 55 -efc^o 

:;t% A, B, CfiiK-fLk im<D7m<D3*\Z.mbfl'f , ^iJx.fiA(iC u <h 
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A g> BteFe^NK C tt S t S e StIrIU^-M"*"* i: V^o fc. «fc 5 \zMWi(Ojt 

-tit, ^hs^j-j^ rm^^A x B Y c z -^^^tts^w^^smsww 
j (i, r,mj^5CA x B Y c z -cvT^iisit^^ i o -e*> 

(2) A©M<it-^Cu, B©^< it-i^FeT"feo (1) <DM 

(3) (1) (2) (;:fBf©tgtfft^\ JtiPDIEII (^3/^7>f M 

^7 xmm^? ^ v t mm±\z<fem-rz> ^ t &fsmxtb%<DX\ ^mmm 
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(4) ii-vmfc&w^m&.tiz. (i) ~ o) \,^M*<DW,WM&&&&^ti 
b \^xtf7^mw.^7^y?mm*m^%^b^ife'(:ih , o, m#>x^m 

(5) >>t£< b hmm^mii-nm<t^mxm^ titcit^^mi^ (ioo) ±^ 
(i) ~ (3) \,y?tifr<Dnmm(io)&&&vitzb&^k+z*m#& s f- 

m^u-vimk&w¥mftm*fr^xmu*mitbm&i5frxf£z> (d ~ o) 
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AuH, ITO f^r) &mmk^A x B Y C z izm*£l£Xmr&&ft : ? ^kft°S 

^£#3 ^kt£ t*fr-*smxhz> Q 

(e) (4) o^#i^t-^*5^t, pmii-vimik&yd¥-mi$(2oo)(DiE?L'jaiA 

\*&m a x b Y c z i mi-vimt&m^mit^mft t (ommwum (20) & h & 

fcfcu >fb#^A x B Y c z « (1) ~ (3) i^n^<DM^-e£>5 0 
-f-ft;b^ <bts*^^ii-vm^^^®^^r-r^^ft:^ N Bute 
u-vimt&M¥mifcm&ftvxMm¥m&km&&ti, a>o N cd ~ (3) 

rn/WeifBiiom^WW <b ft 5^-8^ a x b Y c z i u-viM^m¥mi£ k <d 

mmitttm* <b ft 5 ie?l?£ xmmm k % ^-r § ^ £ ^ -r 5 ^n^m £ 

^c:^^HT^^sII-vI^^^ft:^ > mum- (mz^m - mj& • nmm) x& 

( 7 ) (6)^^2»{*:^^*dv>t, ^#ia x b y c z k ii-vimik&yd^mfcfr 
ibtezmm&ttmK ^^a x b y c z kii-nmi^^m^k<Dmmm^ 

i®¥mwjjfa^fatfxmm&), h^<fc*Tvymzwt'Pirz > -kzwi8kk-tz> 
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(8) (4) ~ (7) O^ffc^^^T, Il-VI^b^^ffl^ II»S 

(9) III-vm<k&M*tmfc£, (1) ~ (3) v^tb36>|^|B«i©«**t^i:, 

(10) tUft^ix (1) ~ (3) V^Ttl**^lB*0«**m^^ 

u^fltit«rWi-<5 - b zomb-tz^mftm+b L7c„ 

jiLtfcl L-/c 0 

(11) ( 4 ) ~ ( 1 0 ) 0^#:^^*d^T, tufe^^*^^^*^^*^ 

^5ci^f)^Tv>6o *rci, u-vim^m^mm-irAm^m (zinc 
biend) M*afe*^5^ N nmmm.\k^m\^w^wmmb^mm.u^m^. 

«rfc5£fcas*nfe;h/CV^ 0 i-**>*»JS4H«:a*3gf4, WM^M*5t«i:^Sa 
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t a tit p s«K*tfr^?f^ l p 5 ^ -c-fc 5„ m<Dmm:xa^ 

^.mmh^(D^XhC u ( I n, Ga)Se 2 fttll§ffi*ffl**£l- £ bT^/U£ 
I>£o-T?£>-5o L^L&^b, ^(Dtg^filO- 2 Qcm^p^-efc?)^ ^nrVN^ 

( r^^^m^^^^/^ffij A-m^mmm, ^--^±(2001), PP . 175-192 

Cu. 8^7U*i LtFeH^5CuFeS 2 IfcS^liCuF e S e 2 3^ 

m&ttitm^£ft%Wm*Pct UT»It'fc5 0 Cu (In, Ga) Se 2 5&*t 
^f;Uife<Z>r£ <^S^^^fc#>, LITIS 1^3 <t^^^# < 
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a x b Y c z frb 5 ^frllUf^^ro-lttt^tt, 

0.20^X^0.35, 0. 17^Y^0. 30, 0. 45^ Z ^0. 55 (fcfcb, X + Y+ Z = 1 ) , 

ft:b&V\ fc^V^(iM#|B|i£MW^'^ ; f«it^^-r^tl (^iJ^Ltipyrite FeS,, 
bornite C u B F e S/iif) - Vl^^^ft: £ ©Wfc^— 5 

sy * g^a^lifc $ jii: < v \ £ v > 5 mm&± C So 

z »cfi£<0#lB|-<&_LlB©^£ #«H4S:*fe6<J^^:*Jte*^'&v^|SHI^^:*5V^T, I0mol%m 
Jg&Pg^LT, T/l^ y 5cSr, T/^y±®7U^ Zn, Cd, Al, Ga; 
In, Ge, Sn, As, S b ¥<D7K$gtf^A»Sife-VfoZ>o 

±M<nt&K>, pMii - vi^b^^f*Jb(eiA x B Y c z ^ii:^@b^-— 5: 
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A x B Y C z <i:II - VI^k^^S^fi^itomMtt^^bS^^^-r-S^ <t 

(2) II - VI*^4fe^a»^^A x B Y C 2 t36»fc*SHI$^#S|--e*)«J, *o£/^ 

tcti^) p-r s $t n * SBS-r a „ 

(3) ii - vimk&m^mfttk&Ct t^h^^mm-i^m^mmmmxh'o . 
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i2@it MMM l X^tc J: 5 C u - F e - s JlotiS - Ifff 

m 3 m«u mmm i 6 (Dmzmmoftm&^-tmxfo&o 

i4i{i, mmmi Q(D^m^m^^xm\^tLnm,-ms.^^^mx 

% 5 HM#J 1 6 Xtf bfc^V K^^Wi-^-TlEl'efeSo 

I8B(^ mmm i ~ 8 *s jzu^iwj i o ~ i 5 ^^^mx^ v , *c<Dm.j$, 
m 9 mtes mmm 2 o <o > a-— Ko«/£«^#4££^-risi-c*£>5 0 

•So 

in eh*, mes^y 2 2 , ^ b^(Dm&mmm^^-rmxh^ 0 
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zmmm 1 ] 

C u (fcfi^99. 99%) , F e (#£^99. 99%) , S ($*££99. 9999%) (Dfr'BttR.ft 
£ N 0.245:0.245:0.51 (moUb) T^*2. 0 g b &5 £ 0 ff*-2B^U ^#7* 
f^C^^lO' 3 TorrT'*^Ab^„ 450°C-10B#P^ 975°C-24B#P B T<Z)^S 

•«£lbLXRD (X^Ialtlf) Mtir%n^tib^Z>. nm&mm&^-tZ b ID^^tbfco 
Cl<?5*tJiS|-4rJftJE7 p W'^ (JE^J 500kgf/cm 2 ) ^<fcoT@12mm, J?£l. 5mm<D^U 

y h (c^Dffi^M bfco coif o^?L^«*5 «t ^io%-efeo fc« c cd-< u y h & 

IS (8&) l^tTAro^t^ (-0.41 mV) z)S^P>^ p m^MWX*$bZ>Z. bft*> 
0. 2 Q cmT?fc <9 ^^^^tt^*-f-5 - b £ tlti 0 

±fB*PJBEfifcSl^<^y h&J^i: tt, IfelWiOZ n S eK45 (^e a sffi^i(l00) 
) CMof#- l^ffl^TMlM^tTo^ g«?£^tei50°C£ bfc e .#£> 

iifcg$i.o/xm©iii, pi^i^L^t v rmm2 x io 21 cm- 3 % m^ttm 

^6 x 10' 4 Qcm b&lgfcm^fc^te.&^l-Z^ b&t>t>*o1to S&iKWWM 
C P J: D fOf^^tl Lfc i: w 5, C u 0 . 2 4 6 F e 0 . 2 42 S 0 . 512 "Cfct). 
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3Ht*^ri~5 t>OT*foS<?5T\ *ffi&JRf£*r-*"5fi!llKteft<x Au N In, Pt, 
[H»iJ 2 — 18] 

*3 «t 2 (ig i 8 m) ^ tfc,MT% nj£#y 1 1 mm\z u 

T^SrfTofCo ^/BLfc Se, Ag N Co, N i <D5jafi^«99. 99% T?fe5 0 £ 

<>frk^Z—&<Dl&J&-Vi$.M9ft®iMft><Ote (pyrite FeS,, bornite Cu 5 Fe 

#*5 % I80il HJS0»J 1 ~ 8 *3 <£t>*H»!l 10-15 «^|^d y 

hUfc^-e&So i^, ( ) ^iofc«(*li, ^^»A X B Y C Z T% 

A^Cu, B^Fe, C&S £ LfcB#0\ ^0^om@W^.^>^^T*3b^ o 
[###1 1 ] 

Cu, Fe, S trmolifc-C 0.40:0. 15:0.45 £ -5 «fc 9 U 1 

XRDfl?W£frofc£ d^H^iStBfi^-f^-Cfct) , bornite Cu 5 FeS 6 
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^Lfc^Z5*3(^l 9(H)(^i-i:^oi9^:#vMit^^b/c 0 XRDitlrtTo 
fc £ r. 5lt$a»ite*>T^T-& <0 % ###)J 2 T*«: F e S 2 , 3 fliC u F e 

2 S 3 ^flctfiirv^it^^ofco 
CHJSW 1 6 ] 

<ftmtm6am> 

itbjgtfCG a A s StitMB E * ) SrCriaKSUfciN K ~7 

p-ZnSe (^-r9 7M2xl0 17 cm' 3 ) MMM 1 £ |H«(C^ L,fctf 

fl&WMh It, B3l^^tRff« (#lram<f)<7>4 :, ^:^ N -^CDjlffliCO. 2nun 

£ibKl, #HS¥6 - 3 3 3 9 5 8^nt m^K, h^^^y^a^^^* 
tvi- (TLM) z^-vSr, H«!]l i:^(c^bfcW^?rim^^ LT, _h¥S 
P«^±fBNK-^p-Zn S e±tdff2/&U £ <D;<$ — ^JcAzMffr^X A 

-(D^^-V^fflV^-C^M^g4TL^MU^^- ; 5. 5x10" 3 Qcm 2 <h 

JtfSH«!]-ef^ P SH-VI^b^^^i: ItZnSe (Zn, Se^ 
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lr\fca* % m<Dmmt^^mi^, tSj^ZnSSe, ZnMgSe, ZnMgS 

«5tC0 *V ^— K SrflsjK b7c„ SirC^ 2 QcmcDnMZ n S e i^iUME (& AS 
^4(100)) JhtC, JhfE^PTO-MBE MK-/p- 
ZnSe (dr-r V T#l^2xl0 17 cm" 3 ) £j&JKUfc 0 $ h \ZL r 1 t 

ro±t|S]^-eA 1 (0. l^mJ?) *mMf&m\^t^ 0 ^th*:nMhb-tZ> 0 &*5, 
~(DA 1 3^t<Z>^ IH<Dj; 5 (C«^A7^b<^££gf:fcJ:^2nim(^£fi<Z>n-Z n S e 

^ 350°C-2^«MS^rJg Vtc 0 

^(Db#VMl^_b(7DmEEM-e«, p-ZnSe/n-ZnS e(D#®^bt° 
[H«iJ 1 7 ] 

< (C u 0 . 2 4 5 F e 0 . 2 4 5 S 0 . 51 ) 0 . 9 -(Z n S e) 0 . , . mfefc<V&J$t ^£>*l#t£ > 
H»ll 1 t mmKSf& LfcCu-Fe-S -fb^ £ Z n S e *&5fc (f«99. 999% 

MfcL7c 0 h^^^/^^Wf^^i^lO- 3 Torr-CK^Ab, 950 
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Z n S e^Cu 0 , 34 5 F e 0245 S 0 . s , t^H^Lfc^ t &t>ti*^1iL a 

&l.Q/xm(Dmn. pSfei^^USW x 10" 3 Qcra £ ^S^i«VM^#t4&- 
^•-r^-^^t^^ofcio XRD^f^r^oTbir^^), ^^^mf^ilsliSttBt^^b 

Hife^Jl T?^bfclt3|Sf^Jbf3(Cu 0 . 2 4 5 F e 0 . 2 4 5 S 0 . 51 ) 0 . 9 -(Z n S e 

) 0 ., mmm^m^i^ti^m^mmmi 6 tmmK, y^*- v^i^rnvt^ me 

-ZnSe/n-ZnSe <D J^ffi/^ b t°— ^ J; ^r465nm03§^#lg| $ ;ft,7c 0 

[^»J1 8] 

mM$m tmm^, ltWlt*MLf:Cu-Fe-S ( TCu-F 
e-Sj (D^ffites i»Cu, Fe, S ^ b ft 5 - £ -?:*Lktf>"a- 

99.999%) £r moUt9:i, 5:5, 1 :9 1 L-tcU^^f^. L-ti 0 &tf$± : ka, & > y t 
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^7i(^i^tifc^ k\/ */ $/y /v -Z n Se/n-ZnSe*> 

p — Z n S e/n-Z n S e CD|?-®/0^b ^5*3^^46511111(7) ^^^^^$^t 

[H«Jl 9] 

H«'J 1 8 -Cf^jgl tfca, /3 N y £«S£rC Z n S e &&±Kl a / jS / y /ZnSe 

as J3, y 0D|?-ffi*Sfcv^V^tC^oT*5t) > a -» /3 -» 7 (DUlld Z n *3 £1^ S e <D 
tt-Brtt&tiZ&l (-i^iP ttv^5ri^^o/c 0 mW&) fca-> fi-+y (D£o \zl& 

t°— ^ StS*3 «fc j e465nmO^§3t*S^lS $ *bfc 0 
[H«J 2 0 ] 

niZ n S e Jp.f£ff B *K£N K— 7°p-Z n S e (DmiZ / ^ Y?—zfZ n S e £ 
^—m^-MW-h Lt/y K— :7"Z n S e Sr^Jffi bfc^ £ Kl#5o 
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mm^A^titim^tiEju^ m^-m^wikfrxKh^w^v, mis, 

*%mirz>^tfrx%z><Dxm-^. bv\ 

/ is K— -fZ n S eiftllMi 1 6 t ^itMB EgrCtf^ Lfc 0 / ^ K— ^ 
Z n S e , N K-7°p- Z n S e fi^rtT^tb lOOnnu 500nm t bfc 0 ^ 

ttfc 0 mi 0E«+ 5V^Mb/c|^(C#^ttfc^^i^^^ h^-^fo^o 460nm{^ 
CHlfe^J 2 1] 

/ ^ Y—~7Z n S eS(vl#XLT100nm S^Cu t A 1 3: K~ 37°LfcZ n S e 
(ZnSe :Cu, Al) Lfc£WiJll«>l 2 0 t IH*£<7>^V KSr 

im UfCo CuiAl O^-igttl X 10" 3 jjf(^— i? l^ht Lfc 0 w <D?>t K 

£^rr53§5fc-e£>o7to r. Z n S e idg&JPiStLfcAlf* — mfc£r, C u 

V^6 0 r.w-C?feSg.$tUfe|g3ttt. StlHZnSe :Cu s AlIHaA^^ 

fc^^yr^. K-?~ — T?±y?—tt (cu N AUtvt) u:*&»$;h^*S 
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zmmm2 2] 

J ^ Y—ZfZ n S e^^#XLT100nra Jf^WP b S e ^<D^ H ^5>fCZ n S e® 
£r#A LfcJL^^{iH»J 20i P^O^V tf— K*f38 bfc D PbSe -*V SNI 
#tfcZ n S e Ji<Of^KJ4^«fc 5 tftofc 0 

^^Jtd^tScUfcZ n S e$?|fP b S e *£ B B B (Itm 8 nnu 

<9, LTMU 3#T-II£ h^mm^M\^X, P b s e -*v*NI<£> 

^bfcz n s emm%j&mi,tc 0 p b s e ^-y ^ B B B o^^«3%m^-efe ^>o 
#btbfc^7t«, ^AbfdP b s e-^y^ B B B (D^3t^^y h/^tm^m 

lALfcPbSe ^mmtStbP b S e ^IS^f tT^tfc^t^^o 

mmm 2 3 ] 

^Wlll 6 joV^"CN K — y* p — ZnSe £ A 1 mJsiiih (Df^\Z.^^K L^C^t^f^ % Cu 
— F e — S *W £p-ZnSe£ co^S±i^H^^M bfc^(i*»J 1 6 t HO 
HSfc^V K&f^R! bfc 0 C u - F e -S^i: p - Z n S e £ 

^ & 9 ffM ufc 0 cu-Fe-s *m «mfe^>ji"ef^3s{ vtci>(Dk mmx 

fc<9> -?r<7)Slji:^nF^-^>6 0. 4 nm s 0. 4 n m. 0. 6 n m, 0. 8 nm s 
1. Onm, 1. 2 n nu 1. 4nmt"fe5 0 Z n S eOiSlj;-#t2 nmt* 
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^D^io-C p - ZnSe/n-ZnSe (DRffifribt'—PllfeM&X^lQSnm&m 
ytt>mgk£fttc 0 icDft5t{^ HfM®^P)pSZnSe(CpS]ltTCu-F 

W ft :b % if — ^ ^#fe^M B E ft if J: o T HI <^^m^# it 3 1> 

2 S, FeS 2 . ZnS , tl/yttCu 2 Se, FeSe 2 , ZnSe ft if 
%m\<^^k h-*SmX'&Z> 0 ^b^tt, Cu, Fe. Zn, S, Se ^<7>¥- 

[^»J 2 4 ] 

V^-T^/f^T. ^r«ldfeJR^^ta*iSlfe (MOCVD) t-J:<9. Mg K-^pil 
nGaN (^t U 7j|^ ^)5xlO l8 cm' 3 ) ^-frfc r<D_h^ §tt#0l6 

i:P^}3i N m3lH60^<Dmtl^^Ufc o TtTcU HJfe^Jieir^ftlK 
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mmm 2 5 ] 

^gCu, Fe, Se (#3ffiJt 5N, 5N, 6N) Km^^XfemumW. 
^#^gtClJ;o-C^7^_b^Cu-F e -S eWk(DMWk$:fr^tL 0 BN Wk 

(D;wyy$faX*&WM%: 1000, 1350, 150°C^^ b^S.^^ bfc#T/l-^7 y # 
7* (Cornig *±$S* #7059) St£J^I»K:,TO LT, il£±£;»£-ti:5 ^ £ ^ =t K> 

^#^e£ tbu mM^mnrf 4oo°c^-c 5 hr=-—^^m 

U mt$ 0. 45 n mOllrifco #^nrc^tt, XRD ^r^b, ft$P3&§JflE©£*T 
f^rH^ofc, ICP Cu, Fe, SeCWt 26, 

23, 51 at% t'fcSiiWot Seebeck ^jH^*^ 'J^ete, lEOS. 

(+5°C) {C^LT^Ogl^ (-0.5mV) ^#«bn, pS**^fc5^i 
^^o^o 4^ft&(£j;6S^E«f^te 0. 012 Q c m-?£>ofc 0 

ft*3, 320°C^f#U ^7h7-w^:*$^V»tt 

rH^^tC^bfcJ?:^ 0.42Mm (Dm-Vh. mW~fetft& 0.008Qcm©M 

&{£®7t p m*mi$m%&z> t^x^t^o icp ^#f^b, ^ojgiocu, 

Fe, S e C7)##^(i v 25, 23, 52 at% X*foZ> ~ £ frt>fr^ fc Q 
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[«^J 2 6] 

Mr/Is* V #7* (Corn i g #M #7059) 7 ^^P^*^*fet- J: o 

TfESiUfcff & 150nra <D M) 7 az^jUifT 5 ^ (TPD) BSJbK:* HJfr^J 1 £ l*^- 
^UfcttWIrJPflEijtSUfc-ii"/ Ut, s*/i>xi'—?mmm (PLD 

ft) lrfflV>T^3@©MOi?$ lOOnm ©RJgWS&^J&bfco i^R^ttiJ: 
^ H«J 16 £IH»:A 1 «rJt^*ffiiJlJ: 80nm ±£f&£**:„ l^-if^M 
Ktt 366nm-Q YAG (*& 300mJ/^Vl^ , l^— A&Jfa 8mm, 10Hz, ✓^^iffi 

5nsec) SrJSV^o ©IH^ Al/(Cu, Fe, Se) 

S^ift/TPD/CCu, Fe, S e A 1 £ 1^3 flKSSr^fifcUfcci 

ft*5 % TPD $3£T$A 1 OjKBlB#»iKS*«ffflftS:Mfc (Cu, Fe, S 

ftm&gzlZ. :W(Cu, Fe, Se) tttiftftSfBttt. C u , F e , S 

;h,^*L 25 N 24.5, 50.5 at% ^*tb^:«a^"C& t) , KM kKtelR— 

0 UtVN«JE©*v^3^©iKH436S»e>Hfco TPD I«W*pI» 
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i * © IS II 
1. ia^A x B y c z x^ tsinZ> mmt&X'fo-z x , 

Cfi Sfc<5V^*SeJ&>P>31fi£i'L5d>&< t i>im<D7tm. frbftV. 

^/VifcX. Y. Zfi X+Y+Z=l-e. 0. 20^X^0. 35, 0. 17^Y^0. 30, 0. 45^Z^ 

0.55 $> 5 d £: £ i: t" 5 *S*t**„ 

5. />&< t ^S^iii-ii-viMti^^fril^^t-^^^*^, 
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